Objective: To identify ocular and systemic factors that predict advancement of cytomegalovirus (CMV) retinitis during treatment.
Results:
In eyes with retinitis, risk factors at baseline for advancement while receiving treatment included smaller area involved, active margins of retinitis, and posterior location. Risk factors for development of retinitis in uninvolved fellow eyes included blood and urine cultures positive for CMV and lower CD8 + T-lymphocyte count.
Conclusions: Lesion characteristics can be used to predict advancement of preexisting disease, whereas only systemic factors are associated with development of bilateral disease. These analyses describe retinitis activity before the introduction of potent antiretroviral therapies but provide an important reference point for patients in whom CMV retinitis develops after failure or intolerance of antiretroviral agents.
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E N E F I C I A L e f f e c t s o f therapy for cytomegalovirus (CMV) retinitis in patients with acquired immunodeficiency syndrome (AIDS) have been identified in several clinical trials. 1 However, little information has been published on factors that might predict early progression or more rapid spread of retinitis during therapy. Identification of risk factors for early enlargement of existing lesions or development of a new lesion in uninvolved eyes might assist in planning examination schedules and treatment regimens for individual patients.
The Foscarnet-Ganciclovir CMV Retinitis Trial (FGCRT) was designed to compare the safety and efficacy of intravenous foscarnet sodium and ganciclovir sodium for treatment of newly diagnosed retinitis. The protocol for the trial was suspended in 1991 due to excess mortality among patients assigned to ganciclovir, but no difference in retinitis progression or visual outcomes was noted between patients assigned to foscarnet and those assigned to ganciclovir. Previously reported patient characteristics associated with greater risk of retinitis progression in this study included lower CD4 + T-lymphocyte counts, blood cultures positive for CMV, and bilateral disease. 2, 3 For our report, data from the FGCRT were analyzed to identify ocular characteristics present at diagnosis of CMV retinitis that were associated with earlier progression or more rapid spread of retinitis in involved eyes. In addition, we attempted to identify ocular and systemic risk factors specific for development of retinitis in fellow eyes of patients with unilateral disease at initial diagnosis. The information presented herein applies to patients in whom potent antiretroviral therapies fail or who are intolerant of them and to patients in whom CMV retinitis develops as a result of renewed or persistent immune dysfunction.
RESULTS
Of the 234 patients randomized to treatment in the FGCRT, 224 had baseline and follow-up photographic data available for analysis. Baseline and follow-up data were CLINICAL SCIENCES available for 318 eyes with retinitis at enrollment and 120 fellow eyes with no retinitis at enrollment. Selected baseline characteristics of the 224 patients included in these analyses are presented in Table 1 .
CHARACTERISTICS OF EYES WITH RETINITIS
Selected characteristics of the 318 eyes with retinitis at baseline are presented in Table 2 . Associations between retinitis characteristics and other ocular abnormalities were examined. The median percentage of zones 1 and 2 with retinitis was 10% in the 307 eyes with these data. Area involved in zones 1 and 2 was larger in eyes with hemorrhagic lesion borders, perivascular cuffing, vitreous haze, or retinal surface abnormalities. Lesion borders were active along at least 90% of their visible extent in 80.5% of 318 eyes. In eyes with more narrow (Յ2250 µm) borders or without border satellites, the visible border exhibited less activity (Ͻ90%) more frequently. Overall, 77.7% of eyes had retinal hemorrhage at the lesion borders. Perivascular cuffing, present in 20.8% of all involved eyes, was more frequent when lesion borders were wide and hemorrhagic.
To evaluate secular trends in the characteristics of retinitis at diagnosis, ocular characteristics of involved eyes were compared with those of 73 patients (100 involved eyes) with newly diagnosed retinitis who enrolled in the MACRT from September 14, 1995, through July 30, 1996. Both sets of eyes had similar characteristic profiles except that eyes of patients enrolled in the MACRT were less likely to have zone 1 involvement (41.4% vs 52.8%; P=.05), and to exhibit perivascular cuffing (8.0% vs 20.8%; P=.004). In eyes with retinitis at baseline, the median percentage of zones 1 and 2 with retinitis was similar to that for patients enrolled in the FGCRT (9% vs 10%; P=.93).
PROGRESSION IN INVOLVED EYES
Progression, while receiving treatment, in involved eyes before first reinduction was observed by the FPRC in 232
PATIENTS AND METHODS
Patients at 11 clinical centers with newly diagnosed, untreated CMV retinitis were eligible for the FGCRT. Descriptions of the design, procedures, and findings from the FGCRT are published elsewhere. [2] [3] [4] [5] [6] To evaluate changes in the manifestation of retinitis over time, baseline data from patients with newly diagnosed, untreated retinitis enrolled in the later Studies of Ocular Complications of AIDS Research Group trial, the Monoclonal CMV Retinitis Trial (MACRT) at 15 clinical centers also underwent analysis. 7 The protocols for the trials and the consent forms were reviewed and approved by institutional review boards at the coordinating center and at the clinical centers.
For evaluations of retinitis, the retina was divided into 3 zones. Zone 1 included the area within 1500 µm of the margin of the optic disc or within 3000 µm of the center of the macula; zone 2 extended from the limits of zone 1 to a circle passing through the ampullae of the vortex veins; and zone 3 extended peripherally from zone 2 to the ora serrata. 8 For our analyses, the macula was defined as the area within 1000 µm of the center of the fovea.
Patients were assigned randomly to treatment with intravenous ganciclovir or foscarnet (allocation ratio, 1:1). Study visits were scheduled at enrollment, every 2 weeks for the first 8 weeks, then every month for up to 6 months, and every 2 months after that. For all patients who required multiple courses of induction therapy, additional follow-up visits were scheduled at the beginning of each course of induction therapy. Indirect ophthalmoscopic examinations and fundus photography were required at every study visit.
The fundus photography protocol specified that photographs of 9 fields be taken with a wide-angle fundus camera, ie, stereoscopic photographs of the disc and macula surrounded by nonstereoscopic photographs of 8 peripheral fields. 9 Fundus photographs were evaluated at the fundus photograph reading center (FPRC) by graders unaware of treatment assignment. The photograph grading protocol included assessments of various features of CMV retinitis, principally, location of lesions and appearance of their borders, degree of activity, extent of satellites (small foci of retinitis surrounded by normal-appearing retina), prominence of hemorrhage, and, for follow-up photographs, progression of retinitis. 6 
RETINITIS MEASURES
The extent of retinitis in each eye was determined by FPRC graders with planimetric measurements of a digitized mosaic of the retina created from fundus photographs. This measure was defined as the percentage of total retinal area in zones 1 and 2 with retinitis, ie, area with retinitis divided by the total area of zones 1 and 2 of the retina. Zone 3 was not evaluated because it could not be depicted completely in the fundus photographs. Measurements of percentage of retina with retinitis were made at trial enrollment (baseline) and at 3 and 6 months of follow-up. Data on area with retinitis in zones 1 and 2 were included if baseline and follow-up photograph sets were available in which 85% or more of the area within these zones could be evaluated. For 18 patients who participated in a substudy examining deferral of anti-CMV therapy, measurements of retinal area with retinitis were determined at the time of enrollment rather than at the start of treatment (median length of deferral was 21 days). The FPRC graders assessed progression or occurrence of a new lesion by comparison of photographs taken at follow-up visits with those taken during the 5 days before randomization. The FPRC graders were not informed of clinician assessments of retinitis, but were aware when patients underwent additional courses of induction therapy (by the visit identification code). Laterality of retinitis at baseline and during follow-up was determined by evaluation of the FPRC and clinician assessment of retinitis. In discrepant cases, baseline and follow-up data from ophthalmologic examinations and photograph evaluations were reviewed to determine whether discrepancies were due to false-positive or falsenegative observations.
The following retinitis outcomes were defined: (1) progression in an involved eye, defined as the movement of a Continued on next page ( were based on border movement of at least 750 µm. In 18 (7.8%) of 232 eyes, a new lesion in the same eye was observed at the same time border movement was observed. Only 9 (3.9%) of 232 progressions were based on the appearance of new lesions alone. In 6 (22.2%) of 27 eyes in which a new lesion was observed at the time of first progression, the lesion was in zone 1.
RISK FACTORS FOR FIRST PROGRESSION IN INVOLVED EYES
All the characteristics of involved eyes listed in Table 2 were examined for association with progression. In univariate analyses, smaller area involved (as measured by total percentage of zones 1 and 2 with retinitis), absence of zone 3 involvement, and more active borders (defined as activity along Ն90% of the border surrounding the lesion) were associated with earlier first progression. The association between area involved and time to first progression is shown in Figure 1 . Based on the results from multivariate models, retinitis characteristics independently associated with earlier progression were smaller area involved and activity along at least 90% of lesion borders (Table 3) . On average, eyes with more than 15% of zones 1 and 2 involved were at half the risk of progression, as were eyes with less than 5% involved. Eyes with at least 90% of lesion borders graded as active were 1.5 times as likely to have progression than were eyes with less active borders. Among the systemic variables included in the multivariate model, higher CD4 + T-lymphocyte counts and blood culture negative for CMV at baseline were associated with a lower risk of progression. Exclusion from the data set of 10 observations with large residuals (Ն2) did not change the results of the model selection procedures.
We checked for evidence that unmeasured area with retinitis in zone 3, the presence of retinitis satelborder at least 750 µm along a front 750 µm or greater in length, or the occurrence of a new lesion at least 750 µm in diameter and separated from a previous lesion by 750 µm or more; (2) rate of increase in the area of retina with retinitis (ie, spread) in the same eye, defined as the difference between the total percentage of retinal area with retinitis at the previous measurement time and the percentage at the current visit divided by the number of months between measurements; and (3) development of CMV retinitis in the uninvolved fellow eye.
For observations with an apparent decrease of 5% or less in the area of retina with retinitis (40 observations from 39 eyes of 35 patients), the rate of increase was assigned a value of 0% per month. In cases where there was an apparent decrease of more than 5% in retinal area involved at 3 or 6 months of follow-up (15 observations from 14 eyes of 14 patients), photographic mosaics were reviewed again. In all of these cases, there were errors in the evaluation of the baseline or follow-up photographs that resulted in the apparent decrease in retinal area. These errors were corrected.
ANALYSIS
For most analyses, data from eyes with retinitis at baseline as determined by FPRC graders were used. Categorical and ordinal baseline variables were collapsed and combined according to their meaning and their frequency distributions. Missing data were imputed to the median or most common category if less than 10 observations had missing data; otherwise, a dummy variable was created to represent a separate category for missing data. Percentage area of retina with retinitis at baseline was logarithmtransformed for analysis. Associations between ocular characteristics at baseline were examined with linear regression models, Kruskal-Wallis tests, and 2 tests.
10,11
Baseline characteristics were examined for associations with first progression or development of retinitis in previously uninvolved fellow eyes with the Kaplan-Meier procedure and proportional hazards regression. 12, 13 Variables for which there was evidence that a linear model was not appropriate were treated as categorical variables for further evaluations; otherwise, the continuous variable was used for model-building analysis. Event rates were calculated as the number of events divided by the number of person-years.
Variables were selected for inclusion in multivariate models with stepwise regression (forward selection) and best-subset selection procedures. 14, 15 Variables relating to very infrequent characteristics (ie, Ͻ4% of eyes exhibited the characteristic) were not included in model selection procedures. The stability of the final models was checked by excluding observations with large residuals (Ն2), which may have had relatively strong influence on overall model results, and by repeating the stepwise regression procedure. For presentation of results, continuous variables were transformed into categorical variables.
For the continuous outcome of rate of increase in retinal area with retinitis, variance of the median was calculated with the following formula: /2 ϫ 2 /n, where equals 3.141 and 2 is the variance associated with the rate of increase. 10 Associations between baseline characteristics and rate of increase in retinal area with retinitis were investigated with Kruskal-Wallis tests and linear regression models. 10, 11 The stepwise procedure for linear regression was used to select baseline variables for a multivariate model 10, 11 ; ranks of the rate of increase in retinal area involved were used as the outcome for the selection procedure. The selection procedure was repeated on the subsets of data, with exclusion of outlier observations, observations with high leverage, or observations with rates of increase equal to zero.
For all models, a variable was included in a multivariate regression model if the P value for inclusion and the P value for the Wald test for the covariate was .10 or less. Robust techniques for variance estimation were used. 16, 17 Interactions between variables selected for the model, zone of disease, and bilateral status were checked. In the final models, CD4 + T-lymphocyte counts and CMV blood culture status at baseline were included because these characteristics were shown in previous analyses to be related to time to first progression.
lites, or bilateral disease status might explain the relative risk of progression associated with area involved. There was no evidence that the presence or absence of retinitis in zone 3, the presence or absence of satellites, or bilateral disease status influenced the relative risk of progression associated with area of retina with retinitis (P = .72, P = .13, and P = .20, respectively).
RATE OF INCREASE IN RETINAL AREA WITH RETINITIS
Baseline and follow-up data to estimate rates of increase in area of retina involved for eyes with retinitis at baseline were available for 225 eyes of 164 patients, which was 70.8% of eyes and 73.2% of patients with baseline and follow-up fundus photographs. Eyes from patients with longer follow-up times were more likely to have these data available, because follow-up assessments of area were made after 3 and 6 months of follow-up. The median percentage of retinal area (zones 1 and 2) with retinitis was 10% at baseline (95% CI, 8%-13% [n = 225]), 21% at 3 months (95% CI, 16%-25% [n = 197]), and 30% at 6 months (95% CI, 21%-39% [n=159]). The median rate of increase per month in the percentage of retina with retinitis during all follow-up was 2.5% per month (95% CI, 2.3%-2.6% per month). At 3 months, the median rate of increase was 2.6% per month (95% CI, 2.3%-2.8% per month), and at 6 months, it was 2.3% per month (95% CI, 2.0%-2.6% per month), and these rates were not significantly different (P = .23).
RISK FACTORS FOR RATE OF INCREASE IN RETINAL AREA INVOLVED
All the photographic and systemic characteristics examined for an association with first progression also were examined for an association with rate of increase in area in involved eyes. Results of univariate analyses were similar to those for time to first progression, except that the presence of satellites and border hemorrhage were significant risk factors and extent of border activity was not. Based on multivariate models, retinitis characteristics independently associated with a more rapid rate of increase in retinal area involved while receiving treatment were smaller area involved, shorter distance between the optic disc and the closest lesion border, and the presence of satellites along the retinitis borders ( Table 3 ). The ␤ coefficient associated with each characteristic is the average adjusted difference in rate of increase in retinal area involved (percentage per month) between the indicated category and the reference category. For example, the average rate of increase for eyes with greater than 15% of retinal area with retinitis at baseline was 1.8% per month less than the average rate in eyes with less than 5% involved (Table 3 ). The rate of increase in eyes in which the closest lesion to the optic disc was more than 4300 µm away was, on average, 2.0% per month less than in eyes with lesions adjacent to the disc. The presence of border satellites was associated with an average increase in that rate of 2.1% per month.
The association of retinal area with the rate of increase was not different in eyes with zone 3 involvement vs those without (P = .18), nor was it different in eyes with satellites vs those without (P= .38). However, there was weak evidence that the negative association between area involved and rate of increase was stronger in eyes of patients with unilateral disease at baseline than in those of patients with bilateral disease (P = .05).
After adjustment for ocular characteristics found to be associated with rate of increase, patients with higher CD4 + T-lymphocyte counts at baseline had, on average, lower rates of increase. Treatment assignment (foscarnet or ganciclovir) and CMV blood culture status at baseline were not associated with the rate of retinitis increase during follow-up.
We assessed the stability of the final model by deleting outliers for the outcome, observations with high leverage, and observations for which the rate of increase was zero. Exclusion of 2 observations with outlier values for rate of increase from the data set did not change the results of the model selection procedures. Exclusion of the 13 observations with outlier values for leverage resulted in the selection of optic disc involvement in addition to the previously selected covariates. Exclusion of the 40 observations (25 at 3 months and 15 at 6 months) from 39 eyes (35 patients) in which no retinitis advancement was observed resulted in the omission of area in- There were 356 observations for 225 eyes: 197 at 3 months and 159 at 6 months. ¶Median rate of change. #Coefficients were estimated with a linear regression model and adjusted for the ocular and patient characteristics listed; they estimate the adjusted difference in the rate of increase in retinitis area (percentage of area per month) between the indicated subgroup and the reference group. 11 **Robust P values were calculated with general estimating equations procedures. 16 The ranks of the rate of increase were used as the outcome for estimating P values.
† †Reference group for estimation of RR or ␤ for each subgroup; by definition, the RR of the reference group is 1 and the ␤ is 0. ‡ ‡The covariate did not meet the inclusion criteria for the mutivariate model for this outcome.
(REPRINTED) ARCH OPHTHALMOL / VOL 118, SEP 2000 WWW.ARCHOPHTHALMOL.COM 1200 volved and distance from the optic disc from the selected covariate set and the selection of optic disc involvement. The median percentage of retinal area involved at baseline was larger for the omitted 39 eyes than for the other 214 eyes (17% vs 10%; P = .02).
DEVELOPMENT OF RETINITIS IN AN UNINVOLVED FELLOW EYE
Of the 224 patients included in these analyses, 120 had unilateral disease at randomization to treatment. Excluded from this analysis were 7 patients with unilateral disease based on FPRC assessment but bilateral disease based on clinician assessment, 1 patient in whom bilateral disease developed during deferral of treatment, and 1 patient for whom the FPRC was uncertain as to the disease status at baseline. Cytomegalovirus retinitis developed in 31 (25.8%) of the 120 uninvolved eyes during follow-up (Figure 2) . The median time to development of a lesion in the uninvolved eye was 23 months (95% CI, 13 months-ϱ). There was a suggestion that patients in whom bilateral disease developed during follow-up had a substantially longer median survival than patients in whom it did not (16 vs 9 months; P = .13). New lesions in eyes not involved at baseline involved zone 1 in 4 eyes (12.9%); zone 2, but not zone 1, in 16 eyes (51.6%); and zone 3 only in 11 eyes (35.5%).
RISK FACTORS FOR DEVELOPMENT OF A LESION IN AN UNINVOLVED FELLOW EYE
Characteristics examined for an association with more rapid retinitis spread in an involved eye also were examined for an association with development of retinitis in an uninvolved eye while receiving treatment. In addition, the following systemic characteristics were examined: months since the diagnosis of AIDS, number of opportunistic infections diagnosed before retinitis diagnosis,
CD4
+ and CD8 + T-lymphocyte counts and other hematologic measures, predicted creatinine clearance, and blood and urine CMV culture status at baseline. Karnofsky score was not included in this analysis because the variable appeared to violate the proportional hazards assumption (P=.009). Those patients with higher Karnofsky scores at baseline (Ն90) were at higher risk for development of retinitis in an uninvolved eye than were patients with lower Karnofsky scores in the first 7 months of follow-up but at lower risk after that time.
In univariate analyses, blood and urine cultures both positive for CMV, urine cultures positive for CMV with negative or missing results for blood culture, lower CD8 + T-lymphocyte counts, and presence of satellites at retinitis borders were associated with a greater risk of development of bilateral disease. The CD4 + T-lymphocyte counts were not associated with development of bilateral disease (P =.72). In the multivariate model, no ocular characteristics of involved eyes of patients with unilateral retinitis were associated with the development of retinitis in previously uninvolved fellow eyes. Systemic characteristics at baseline identified as independent risk factors for development of bilateral disease were blood and urine cultures positive for CMV, lower CD8 + Tlymphocyte count, and no previous AIDS-related opportunistic infections at diagnosis of retinitis ( Table 4) .
In the final model that included these variables and treatment assignment, patients with the highest CD8 + Tlymphocyte counts (Ͼ0.38ϫ 10 9 /L) were at lowest risk for development of retinitis in the other eye; their risk was one fifth that of patients with the lowest CD8 + counts (Յ0.20ϫ10 9 /L). Patients with blood and urine cultures both positive for CMV at baseline were almost 5 times as likely to have development of retinitis in the other eye as were patients with negative results of cultures. Patients with urine cultures positive for CMV and a negative or missing result of blood culture at diagnosis were more than 3 times as likely to have development of retinitis in the other eye as were patients with negative re- Figure 1 . Kaplan-Meier estimates for time to first progression of cytomegalovirus retinitis in involved eyes, stratified by area in zones 1 and 2 with retinitis at baseline (small, Ͻ5%; medium, 5%-15%; and large, Ͼ15%). Bottom, Number of eyes, number of progressions (events), and progressions per person year (rate) for 6-month intervals. PϽ.001, log rank test. sults of cultures. The risk of bilateral retinitis in patients with a diagnosis of at least 1 opportunistic infection before the diagnosis of CMV retinitis was about one third that of patients with no other opportunistic infections at diagnosis. Treatment assignment was not associated with development of bilateral disease.
COMMENT
The objectives of these analyses were (1) to identify characteristics of patients with newly diagnosed CMV retinitis that were predictive of retinitis progression or spread in involved eyes, and (2) to identify characteristics predictive of development of retinitis in uninvolved eyes in patients being treated for CMV retinitis. The baseline risk factors identified for both measures of retinitis advancement in involved eyes while receiving treatment, progression and the rate of increase in area affected by retinitis, were smaller area of retina with retinitis and signs of greater border activity, as well as lower CD4 + T-lymphocyte counts. More posterior location of retinitis was only associated with rate of increase in area involved. Inclusion of these baseline risk factors in the models with treatment assignment did not alter the overall conclusion of the trial that intravenous foscarnet and ganciclovir were equally efficacious for treatment of CMV retinitis (Tables 3 and 4) .
The associations of border activity, posterior location, and CD4 + T-lymphocyte counts were not surprising, but the association of smaller area of retinitis with more rapid advancement of retinitis initially seems counterintuitive. The apparent effect of the size of the area involved may be related to the disruption of retinal circulation caused by the full-thickness retinal necrosis characteristic of CMV retinitis. 18 Larger lesions may enhance drug delivery because of more extensive circulatory disruption. Hence, replication of virus may be inhibited more quickly in these eyes. It is also possible that smaller area of involvement also may be a marker for new disease, which may spread more rapidly because an immune response, albeit small, has just begun. The evidence of this hypothesis was limited; some evidence (P=.05) suggested that the association between smaller area of involvement and faster rate of increase in area was greater for eyes of patients with unilateral disease, which we used as a marker for new disease, than for eyes of patients with bilateral disease. However, there was less evidence to suggest that the association of area of involvement and time to first progression were influenced by laterality of disease (P=.20).
The association of smaller area involved at baseline with faster retinitis progression or more rapid rates of spread could be an artifact of measurement procedures. An identical amount of border movement may be easier to detect for a smaller lesion. Observations in which no increase in area was noted during follow-up tended to be from eyes with a larger area of involvement at baseline. Eyes with larger areas of retina involved were more likely to have zone 3 involvement, where border advancement could not be measured reliably, but we found little evidence that retinitis progression rate or rates of increase in area differed in eyes with retinitis that extended into zone 3 than in eyes with similar areas of involvement without zone 3 involvement.
A faster rate of increase in retinal area with retinitis was weakly associated with each of the (highly correlated) measures of posterior location (involvement of zone 1, involvement of the macula or disc, and shorter distance from the disc); shorter distance from the disc was selected for inclusion in the multivariate model (Table 3 ). Posterior location also was associated with clinician-assessed progression (data not shown). The association of closer proximity to the optic disc with faster rates of increase in retinal area with retinitis may have been affected by the poorer quality of peripheral photographs. Alternatively, faster spread of retinitis located near the disc in treated patients might be related to greater thickness and vascularity of the retina here, which might provide more opportunity for spread along vessels. 19 A retrospective study of patients with untreated retinitis or active retinitis despite treatment with intravenous ganciclovir suggested that border advancement toward the anterior retina was more rapid than advancement toward the posterior retina. 19 Our study did not analyze the direction of border advancement. Both studies found that the location of the retinitis lesions at baseline was not associated with retinitis progression and that border activity was associated. 19 Development of new lesions in a previously uninvolved eye was an infrequent and late-stage event (median time to event, 23 months) occurring in about a quarter of the patients with unilateral CMV retinitis. The overall median survival of patients with unilateral disease was substantially shorter (10.3 months), so the 23-month estimate is likely to be influenced by a survival bias. Regardless, longevity is probably an important risk factor for development of bilateral disease. Other risk factors independently associated with development of bilateral disease were blood and urine CMV cultures both positive for CMV, urine culture only positive for CMV, lower CD8 + T-lymphocyte counts, and fewer AIDSrelated opportunistic infections (Table 4 ). These risk factors were not related to development of bilateral disease via an association with longer survival. Cultures positive for CMV and lower CD8 + T-lymphocyte counts at baseline were associated with shorter survival, and the number of AIDS-related opportunistic infections was not associated with survival. 2, 4 Blood cultures that are positive for CMV have been shown to be associated with poorer prognosis for CMV retinitis. 20 Positive cultures may indicate higher viral load in the blood and more severe immune suppression, which may increase the likelihood of hematogenous spread of virus to an uninvolved eye. Decrease in CD8 + Tlymphocyte counts is a marker for immunosuppresssion, as indicated by the increased risk of CMV retinitis and shorter survival. [21] [22] [23] The finding that fewer AIDSrelated opportunistic infections is a risk factor for bilateral disease is paradoxical. In view of the small number of patients included in these analyses and the many statistical tests performed, this could be a chance finding.
The rate of increase in retinal area in zones 1 and 2 with retinitis was constant during the first 6 months of follow-up; the median was 2.6% of retinal area per month. This finding seems to conflict with a previous report from this trial that indicated a trend toward shorter times to progression from the first to the second progression (48 to 41 days) and from the second to the third progression (41 to 35 days). 3 Those findings indicate that the rate of increase in retinitis area might be expected to accelerate during follow-up. The conflict may, in part, be due to different data sets, analysis approaches, and measures. The previously reported retinitis progression results were based on analysis of patients' time to progression in either eye. The current analyses used eyes involved at baseline as the unit of analysis. Progression is a binary outcome based on a relatively small amount of linear movement along a segment of a lesion border and can be due to irregular border advancement that does not correlate with overall border movement, whereas rate of increase in area is a continuous outcome that integrates the border movement along the entire visible circumference of lesions during longer periods of follow-up.
There are limitations to our study that should be kept in mind when interpreting these results. Data were collected as part of a clinical trial comparing treatments for patients with previously untreated CMV retinitis, ie, data collection was not designed with these analyses in mind.
The current analyses were limited to factors for which data were available and assumed that there were no unknown confounders such as viral strain heterogeneity or host immunologic factors. The analyses were exploratory in nature with few a priori hypotheses. There was low statistical power to detect associations for some variables, such as optic disc involvement. These patients experienced a high mortality rate, reducing the number who could be observed for longer-term retinitis outcomes; the results therefore may be influenced by a survival bias. These data were collected before the availability of potent antiretroviral agents and combination antiretroviral therapies in 1996. Therefore, they may not reflect the course of retinitis in patients receiving these medications. However, the ocular and retinitis characteristics were quite similar to those of patients with newly diagnosed retinitis in 1995 and 1996, some of whom received potent antiretroviral therapy, and severe immunodeficiency is still required for the development of CMV retinitis.
Despite these limitations, these analyses identified the following baseline risk factors for faster progression or spread of retinitis in involved eyes in patients being treated for CMV retinitis: smaller area of involvement, more posterior involvement, and greater border activity. Our findings support more aggressive treatment of such eyes, and we have no reason to think that this suggestion should not be applied to patients in whom CMV retinitis develops before potent antiretroviral treatment is initiated or after it fails. Aggressive treatment of small early lesions remains important. With increased survival, if patients develop CMV retinitis before immune reconstitution or early during antiretroviral treatment, aggressive treatment of CMV retinitis will limit the area with retinitis and thereby decrease the risk of visionlimiting complications, eg, foveal destruction or retinal detachment, in long-term survivors.
